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Abstract 
318 Domino accidents (from 1951 to 2012) were collected and analyzed to get their main factors, such as distribution of accidents, causes, 
involved substances and Domino sequences. The statistics showed that 226 Domino accidents (71.1%) occurred in developed countries 
and 92 accidents (28.9%) occurred in developing countries. 41.8% of the accidents occurred in storage areas. Compared with developed 
countries, human failure was most likely to cause an accident in China. Flammable substances associated with 237 cases (74.5%). The 
most frequent secondary/tertiary Domino sequence was explosion  fire (24.8%)/explosion  fire  explosion (7.9%). Situation of 
Domino accidents in China had been analyzed and a definition of ‘process linkage Domino effect’ had been proposed. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
With the development of chemical industry, a lot of large-sized complex facilities were used in chemical plants, which 
resulted in the great increase in storage of flammable and explosive substances. Meanwhile, due to the land utilization and 
economic reasons, distances between installations were getting smaller and smaller. Thus, the risks of chemical plants had 
been increased dramatically and major accidents had taken place frequently. 
When a primary accident occurs in a process plant or a storage warehouse, it is likely to damage equipment surrounded 
and even cause secondary incidents. The damaging effects are usually conducted by the physical effects of the primary 
accident, such as overpressure, fragments and thermal radiation. For example, when a petrol tank exploded and was inflame, 
shell fragments ejected by the explosion may lead to a leakage of flammable substances in surrounding tanks. Once the 
flammable vapor cloud was ignited, it produced external fires and explosions which aggravated consequences of the major 
accident. A primary accident took place and triggered a cascade of secondary accidents which result in the escalation of 
accident consequences. Such accident scenario is named Domino effect. 
There is no unique understanding or definition of the notion ‘Domino effect’ in the research community. Genserik 
Reniers [1] (2010) classified Domino effects into two types: single-company (internal) Domino effects and multi-company 
(external) Domino effects. Researchers primarily focus on the single-company (internal) Domino effects, although the 
consequences of external Domino effects may be more severe. Ch. Delvosalle [2] (1998) defined Domino effect as a 
cascade of accidents (Domino events) in which the consequences of a previous accident were increased by the following 
one(s), spatially as well as temporally, leading to a major accident; F.I. Khan and S.A. Abbasi [3] (1998) argued that 
Domino effect represented a chain of accidents or situations when a ¿re/explosion/missile/toxic load generated by an 
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accident in one unit in an industry caused secondary and higher order accidents in other units; B. Gorrens et al.’s [4] (2009) 
definition was quite simple: a major accident in a so-called secondary installation which was caused by failure of a so-called 
external hazards source. According to the definitions proposed, three common features were concluded by V. Cozzani et al. 
[5] (2006). These features are following ones: 
 A primary accidental scenario, which initiates the Domino accidental sequence; 
 The propagation of the primary event, due to “an escalation vector” generated by the physical effects of the primary 
scenario, that results in the damage of at least one secondary equipment item; 
 One or more secondary events (i.e., ¿re, explosion and toxic dispersion), involving the damaged equipment items (the 
number of secondary events is usually the same of the damaged plant items). 
Obviously, the Domino effect is a significant aspect of safety management in chemical plants. Seveso II directive 
[96/82/EC] [6] and Seveso III directive [2003/105/EC] [7] indicated that the competent authority should identify 
establishments or groups of establishments where the likelihood and the possibility or consequences of a major accident 
may be increased because of the Domino effect. In recent years, researchers have conducted a lot of studies about factors 
involved in Domino effect. D.F. Bagster [8] (1991), Faisal I Khan [3] (1998), and N.A. Eisenberg et al. [9] (1975) studied 
the failure probit models caused by overpressure; V. Cozzani et al. [10] (2006), and F.I. Khan [3] (1998) analyzed the 
failure probabilistic models caused by thermal radiation and V. Cozzani et al. [5] (2006) also analyzed the escalation 
thresholds in the risk assessment of Domino accidents; G. Gubinelli et al. [11] (2004) , U. Hauptmanns [12] (2001) and R. 
Pula et al. [13] (2007) proposed models to calculate the failure probabilistic caused by missile impact. Zhang Mingguang 
[14] (2008) studied and modified all three probit or probabilistic models on the basis of studies mentioned above. 
2. Historical accidents survey 
In the Domino effect research field, it is very difficult to conduct experiments in full-size equipment installations. Most 
researchers conducted small-size experiments to speculate the actual data. However, it was still greatly different from the 
real situation. In addition, series of same experiments should been conducted to calculate the likelihood of a certain event, 
which need a lot of money. Reasons mentioned above make the historical accidents data become very important. By 
collecting accidents with Domino effect and identifying their accident scenarios, sequences and consequences exhaustively, 
better accident models, risk assessment models and accident prevention strategies can be drawn. Historical accidents 
analysis can also be used to verify the results of experiments and computer simulations. 
In recent years, a few reports are available on the historical Domino accidents analysis. S.P. Kourniotis et al. [15] (2000) 
first surveyed a set of 114 Domino accidents based on the database of 207 chemical process accidents current up to 1998. B. 
Abdolhamidzadeh et al. [16] (2009) studied 73 samples of Domino effects in chemical engineering. R.M. Darbra et al. [17] 
(2010) collected a set of 225 major accidents involved Domino effect. The authors elaborately analyzed the distribution of 
accidents over time, accident location, affected population and the most important factor: Domino sequences. Bahman 
Abdolhamidzadeh et al. [18] (2011) surveyed a set of 224 Domino accidents and detailed listed the inventory of every 
accidents, including factors as location, unit, accidents sequences, injuries and deaths. 
These studies provided a lot of useful information and proposed some new analysis methods. Nevertheless, the Domino 
accidents information collected by S.P. Kourniotis et al. [15] (2000) and B. Abdolhamidzadeh et al. [16] (2009) was either 
insufficient or out-of-date. R.M. Darbra et al. [17] (2010) have done a great study, but the accident cases mainly came from 
developed countries and overlooked the accidents in developing countries. The conclusions in the literature could not reveal 
true situations in developing countries. Bahman Abdolhamidzadeh et al. [18] (2011) proposed a concept of ‘local Domino 
effect’ which was just based on the general definition of Domino effect and did not give a specific definition. To overcome 
these shortages, three objectives have been set in the present study: 
 To conduct a historical Domino accidents survey with more samples (from 1951 to 2012) and analyze main features and 
developing trends of Domino accidents. 
 To collect more accident cases from developing countries such as China and India. To focus on the characteristics of 
Domino accidents in developing countries and study the differences between developed and developing countries. 
 To propose a new definition called ‘process linkage Domino effect’ in order to identify some special Domino events. 
Furthermore, point out its significance in preventing propagation of Domino effects between process linkage installations. 
According to the definitions in section 1, the one made by V. Cozzani [5] (2006) is used as the selection criterion. In this 
criterion, release is not considered as a primary accident because of the following reasons: if the gas/liquid released is 
ignited, the primary accident is considered as fire/explosion; if the gas/liquid is toxic, it will not cause any secondary 
accident. The accidents survey is based on database from 1951 to 2012. Accidents occurred prior to 1950 are excluded, 
since the chemical industry technologies and safety measures before 1950 are not at the same level with those presently. 
Major accidents without sufficient information are excluded from the survey, in order to make the results convincing. By 
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doing this, a total of 318 Domino accidents are included in the survey. The accident information is mainly from following 
sources: 
 The U.S. Chemical Safety Board (CSB) database [19]. 
 The Control of Major Accident Hazards (COMACH) database [20]. 
 The Failure and Accidents Technical information System (FACTS) database [21]. 
 The Major Accident Reporting System (MARS) database [22]. 
 The Major Hazard Incident Data Service (MHIDAS) database [23]. 
 China State Administration of Work Safety Accident Inquiry System [24]. 
3. Discussions 
3.1. Main features 
According to the statistics shown in Table 1, there are 226 Domino accidents (71.1%) occurred in developed countries, 
while only 92 accidents (28.9%) occurred in developing countries. Most of the accident samples came from developed 
countries can be explained by the massive presence of large-scale chemical plants with giant facilities which contain large 
quantities of flammable substances and toxic materials. Besides, the accidents reporting mechanisms in developed countries 
are more perfect, as a result, getting available information is easier. 
Table 1. Number of accidents of every decade 
Period 
No. of accidents 
% 
Total Developing Countries
1951-1960 14 0 0.0 
1961-1970 49 2 4.1 
1971-1980 71 15 21.1
1981-1990 66 16 24.2
1991-2000 31 13 41.9
2001-2012 87 46 52.9
Sum 318 92 28.9
 
After World War , the worldwide economic recovery led to a continuous growing of chemical industry and large-sized 
chemical plants and storage warehouses were settled down. Moreover, the accident reporting system began to develop while 
the safety managements and accident prevention measures had not been improved timely. This two features explained that 
why the number of Domino accidents before 1980 was increasing (Fig 1). 
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Fig. 1. Distribution of accidents over time. 
After the accident rate reached the peak in 1980s, there was a continuous decrease until 2000. Gómez-Mares [25] also 
found a decrease trend between 1996 and 2004. However, a dramatically increase was found in the first decade of twentieth 
century in this study. The main cause of this result is the large number of major accidents occurred in developing countries. 
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These accidents accounted for 52.9% of the total in 2000s. It is an important phenomenon which should be paid attention to. 
As reasons like government policies, economy strategies and environment issues made chemical industry grow so fast that 
insufficient safety measures were implemented and the competent authority had paid inadequate attention to safety 
production. The situation may be much more severe because of the existence of non-reporting and the losing of information 
in developing countries. It is just like the situation before 1980s in developed countries. 
Places where accident occurred have been classified into four categories: storage/warehouse, processing, transportation 
and transfer. As listed in Table 2, the most dangerous area is storage/warehouse. There are 133 accidents (41.8%) occurred 
in this region. The presence of large quantities of hazardous substances and compact design of installations are likely to 
cause major accidents and resulted in Domino effects. The processing occupies 33.7% of total accidents mainly because the 
process installations are becoming more and more complex. 
Table 2. Origin of Domino accidents 
Area No. of accidents % 
Storage/warehouse 133 41.8 
Processing 107 33.7 
Transportation 48 15.1 
Transfer 30 9.4 
 
Flammable substances are involved in nearly ninety percent of the Domino accidents. Petroleum products are the most 
common substances to cause Domino effects (171 cases, 53.8%) followed by hydrocarbons (66 cases, 20.8%). As listed in 
Table 3, the top three specific flammable substances to initiate Domino accidents are LPG (72 cases, 22.6%), gasoline (31 
cases, 9.7%) and crude oil (30 cases, 9.4%). In addition, the most dangerous three non-flammable substances are chlorine 
(10 cases, 3.1%), anhydrous ammonia (5 cases, 1.6%) and nitrate (5 cases, 1.6%). 
Table 3. Substances involved in Domino accidents 
Substances Specific substance No. of accidents % 
Flammable 
substances 
LPG 72 22.6 
Gasoline 31 9.7 
Crude oil 30 9.4 
Non-flammable 
substances 
Chlorine 10 3.1 
Anhydrous ammonia 5 1.6 
Nitrate 5 1.6 
 
R.M. Darbra [17] has already analyzed the causes of Domino effects in great detail. But his statistic was mainly based on 
the accidents occurred in developed countries, so the results could not completely reveal the situations in developing 
countries. R.M. Darbra [17] concluded that there were 29% of the total caused by mechanical failure and 20% caused by 
human failure. Therefore the accidents collected in China were used to analyze causes of Domino effects in developing 
countries. 
The causes of 19 accidents occurred in last 40 years were classified into three categories: human failure (10 cases), 
technical failure (7 cases) and natural event (2 cases). In China, more than half of Domino accidents are triggered by human 
failure. The human failure primarily contains two points: workers do not operate as the provision requirements and workers 
have not been trained sufficiently. Obviously, the most significant factor in developing countries is to improve quality of 
workers and strengthen safety management and training. 
Of the 318 accidents surveyed, 82.1% of the fatalities statistic is available. The global total fatalities of each decade are 
shown in the Fig 2. The number of 1980s and 2010s are dramatically high can be explained by two causes. The first one is 
that a major accident occurred in Mexico, 1984, caused the highest number of fatalities in the history. There were 503 
people killed in a series of accidents. Another one is that there is an increasing number of accidents reported in developing 
countries, moreover, the accidents occurred in such countries always caused a large number of fatalities. 
The average number of fatalities per accident in both developed countries and developing countries are listed in Fig 3. 
Obviously, the situation in developing countries is much more severe than that in developed countries. Even though the 
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accident in Mexico is excluded, the statistic of average number of fatalities per accident in developing countries is still 
increasing steadily. 
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Fig. 2. Distribution of global total fatalities over time. 
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Fig. 3. Distribution of average number of fatalities per accident over time. 
The length of Domino events greatly determines the severity of a major accident. The statistic indicates 76% of the 
accidents only caused secondary events and 24% of the cases caused tertiary events or more. The ratio between secondary 
and tertiary Domino effect is 3, which is much lower than the value reported by R.M. Darbra [17]. This situation means that, 
sufficiently considering accidents occurred in developing countries, chains of Domino events are longer and consequences 
are more severe, which perfectly meet the large number of fatalities in developing countries.  
The Domino sequences are the key factor to predict and control the propagation of Domino effects. Of the total samples 
explosion (168 cases, 52.8%) is most likely to initiate a Domino sequence followed by fire (150 cases, 47.2%). In the 
secondary Domino sequences, the most common pattern is explosion  fire (24.8%), followed by fire  explosion (23.0%), 
fire  fire (13.2%) and explosion  explosion (11.0%), while the explosion  toxic release is only 3.4%. Meanwhile, in 
the tertiary or more Domino sequences, explosion  fire  explosion sequence (7.9%) has the highest probability of 
occurrence, followed by fire  explosion  fire (4.4%) and explosion  explosion  fire (2.3%). 
3.2. Situation of Domino accidents in China 
Since the government policies, economy strategies and environment issues, an increasing number of chemical plants 
moved from developed countries to developing countries, especially China and India. China Chemical Industry Park Safety 
Development Senior Seminar (2010.5) proposed a figure that there were 1200 chemical industry parks in China and the 
number was still increasing. 
According to the safety production situation in China, accidents mostly occurred in small/middle chemical plants whose 
safety management and accident prevention measures were in poor condition. Therefore, more secondary accidents took 
place and caused a great number of fatalities. Because the workers lacked proper safety training, accidents were mainly 
caused by human failures. The low level mechanization and high population density also contributed to the large number of 
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fatalities. Moreover, exhaustive accident reporting system had not been constructed in China or India, and there was hardly 
any study concentrating on accidents statistical analysis. 
As the continuously developing of chemical industry in developing countries, these situations may become more severe. 
The most pressing problem is to construct an exhaustive accident reporting system. On this basis, researchers could analyze 
past accident samples and then study risk assessment of Domino effect and develop accident prevention technologies. 
Meanwhile, workers need to accept more safety trainings and companies should strengthen their safety management. 
3.3. Process linkage Domino effects 
During the course of investigation and analysis of this study, a phenomenon had been noticed, whose propagations of 
Domino effects were not the general three physical factors (overpressure, fragments and thermal radiation), while it 
propagated via the linkage of process installations (Table 4). Bahman Abdolhamidzadeh et al. [18] noticed this phenomenon 
in 2011, but his definition based on the general Domino effect was rather liberal and his study in this field was not detailed 
enough. Zhang Mingguang [14] found this phenomenon in 2008, named it ‘process linkage Domino effect’ and studied the 
probabilities of causing secondary events. 
Table 4. Process linkage Domino effect examples 
No. Year Location Substances involved Fatalities Domino sequences Propagations 
1 2010.07 Storage Crude oil 1 E1 F2 E Pipeline 
2 2006.08 Processing LPG and methane 3 E E Pipeline 
2 2005.11 Processing Nitrobenzene and benzene 8 E E E F Pipeline 
1E represents for explosion 
2F represents for fire 
 
In Zhang Mingguang’s [14] literature, process linkage Domino effect was defined as: origin process facility 
malfunctioned and resulted in the fluctuations of the downstream process conditions. Once the fluctuations were 
accumulated to exceed the downstream facility’s safety threshold, secondary accidents occurred. The definition elaborated 
the procedures of this category of Domino effect and emphasized linkages of process installations.  
The significance of the ‘process linkage Domino effect’ is that it provides a proactive approach to stop the propagation of 
Domino effects in large-complex chemical process facilities. Moreover, concerning the trend of developing inherent safety 
technologies, process linkage Domino effect can be used to direct designs of chemical process installations. 
4. Conclusions 
 The distribution of Domino accidents has been analyzed, 226 Domino accidents (71.1%) occurred in developed countries 
and 92 accidents (28.9%) took place in developing countries. The accidents occurred in developing countries occupied an 
increasing fraction of the total and reached 52.9% in 2000s. 
 The most critical area is storage/warehouse. The accidents occurred in storage areas reached 41.8% of the total, followed 
by processing (33.7%). 
 Flammable substances are the commonest material involved in Domino effects. Of all 318 samples, 237 cases associated 
with flammable substances. The most dangerous specific flammable substance is LPG. 
 In China, human failure caused more than half of the accidents surveyed. Urgent measures should be conducted to 
improve the quality of workers and strengthen safety management and training. 
 The fatalities in developing countries are much severer than that in developed countries and the data was continuously 
increasing. 
 The statistic indicates that there were 76% secondary Domino sequences and the percentage of tertiary events or more is 
24%. The most frequent Domino sequences were explosion  fire (24.8%) and explosion  fire  explosion (7.9%). 
 Situation of Domino accidents in China has been analyzed and the most pressing problems have been pointed out. 
 The study proposed the definition of ‘process linkage Domino effect’ and analyzed its significance. 
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